Background
==========

Malignant tumors of the pleura are classified into primary tumors and metastatic tumors. The most common malignant pleural tumor is malignant pleural mesothelioma (MPM), which includes localized and diffused mesotheliomas. The localized MPM is well-differentiated and has low malignant potential. However, the diffused MPM is poorly-differentiated and has high malignant potential. Metastatic pleural tumors account for 95% of pleural tumors, and the majority are from lung and breast cancers, gastric cancer, pancreatic cancer, and primary uterine tumors. The least common primary focus of MPM is lymphoma. The incidence of MPM in the USA is 0.001% \[[@b1-medscimonit-24-6756]\]. In China, the incidence is 0.0003--0.0005% \[[@b2-medscimonit-24-6756]\]. The incidence of MPM has continued to rise across Europe \[[@b3-medscimonit-24-6756]\]. The main components of multimodality treatment for MPM include surgery, chemotherapy, and radiation therapy. However, MPM is also associated with poor prognosis \[[@b4-medscimonit-24-6756],[@b5-medscimonit-24-6756]\].

Computed tomography perfusion imaging (CTPI) and perfusion-weighted imaging**(**PWI) are non-invasive technologies that can quantify tumor vascularity and blood flow. CTPI and PWI can also quantitatively analyze the hemodynamic information in tumor tissues \[[@b6-medscimonit-24-6756]--[@b8-medscimonit-24-6756]\]. Angiogenesis is critical in tumorigenesis, development, infiltration, and metastasis of solid tumors. Angiogenesis significantly influences the biological behavior and prognosis of tumors \[[@b9-medscimonit-24-6756]--[@b11-medscimonit-24-6756]\]. The contrast medium of CTPI and PWI are mainly located inside and around vessels. Because the distribution of contrast medium determines the signal strength in normal and tumor tissues after enhancement, the distribution of contrast medium can directly indicate tissue perfusion and indirectly indicate microvascular distribution \[[@b12-medscimonit-24-6756]\]. Diffusion-weighted imaging-MRI (DWI-MRI) is the only technique used to measure the motion of water molecules *in vivo*. The motion speed of water is expressed with an ADC value and quantified by DWI, which can indirectly indicate the status of cell proliferation \[[@b13-medscimonit-24-6756]\]. CTPI, PWI, and DWI-MRI are widely used to monitor the different tumor progression stages.

In this study, we measured the perfusion parameters of CTPI and PWI and the ADC values of DWI to determine cell viability and hemodynamics of neovascularization in a rabbit pleural VX2-implanted model. Metastatic malignant tumors of the pleura always occur at TNM stage M1a and were accompanied by the generation of hydrothorax. We further explored the mechanism underlying hydrothorax formation.

Material and Methods
====================

Animals and model establishment
-------------------------------

Sixty-eight healthy New Zealand white rabbits of both sexes, weighing 2.5--3.0 kg, were purchased from the Experimental Animal Center of Beijing University (animal production permit number: S (Beijing) 2009-00140. Animals were fed under normal conditions.

The cell solution (0.3--0.5 ml at 2×10^7^/ml) of VX2 (squamous cell carcinoma, provided by the Intervention Department of Peking University Cancer Hospital) was inoculated subcutaneously into 2 New Zealand white rabbits. Successful establishment of the tumor was determined by presence of palpable fixed subcutaneous soft tissue masses, which were further confirmed to be squamous cell carcinoma by pathology. Two weeks after inoculation, tumor cells were collected and suspended.

In 62 New Zealand white rabbits, artificial pneumothoraces were established at the right fourth and fifth intercostal spaces under CT guidance. Then, after a 0.5-ml suspension was injected into the pneumothorax, air was withdrawn. Then, 2 ml of gelatin was injected into the pleura. The rabbit pleural VX2-implanted model was successfully established in 58 rabbits and not established in 4 rabbits. Successful establishment of the model was determined by non-contrast CT scanning at the lung window, which showed local thickening of the pleura; DWI showed a local pleural high signal.

Fifty-eight rabbits were divided into the parietal group (n=12) and the visceral pleura groups (n=46). All rabbits were checked on the day of implantation, and once every other day until day 15 after implantation, with CTPI, DWI-MR, and PWI.

Scanning scheme and parameters
------------------------------

On the day of tumor cell implantation, experimental rabbits were fasted for 8 h. Before scanning, a venous indwelling needle was placed into the marginal ear vein. After being anesthetized with 0.1 mmol/l (1 ml/kg body weight) of pentobarbital sodium, rabbits were secured in the supine position. The static dynamic scan perfusion mode was applied in spiral CT. Lohexol contrast agent (3--4 ml of 350 mg/ml) was injected intravenously through a double-syringe power injector at 0.4 ml/s. CT scanning in the continuous volume scan mode was started 1 s after injection. The static dynamic scan perfusion mode was applied in MRI. The contrast agent, Gd-DPTA (2--3 ml), was injected intravenously through a high-pressure injector at 0.3 ml/s. MRI scanning with the continuous volume scan mode was started 1 s after injection. The scanning parameters were as follows: MRI coil, Sense-Body; DWI/ADC parameters, FOV 120 mm, TR2529, TED55, TI180, NSA16, and thickness 1.5 mm; and PWI parameters, FOV 120 mm, TR4.4, TE2.2, Flip10, NSA1, and thickness 1 mm.

CTPI and PWI methods
--------------------

The following were regions of interest (ROI): aorta; tumor tissue; and ipsilateral muscle tissue.

The ROI selection method was as follows: select the aorta, tumor tissue, and ipsilateral muscle tissue from the same patient; and measure the perfusion value (PV), peak enhanced increment (PEI), transit time peak (TTP), blood volume (BV), wash-in rate (WIR), wash-out rate (WOR), maximum enhancement rate (MAXR), transit time peak (TTP), and apparent diffusion coefficient (ADC). Specific perfusion software and the EBW 4.0 workstation were used as CT image post-processing. Specific perfusion software and Workspace workstation were used as MRI post-processing. The CTPI and PWI pictures obtained from the above software were used to analyze the viability of tumor cells and blood perfusion of tumor tissues.

DWI measurement, MRI coil, and Sense-Body
-----------------------------------------

The ADC value was measured at the high DWI signal area. The ADC-duration and ADC-maximum section surface curves of lesion tissues were created. Cell viability was assessed during tumor progression.

Detection of hydrothoraces
--------------------------

From the time that a hydrothorax was detectable, the largest depth of the pleural effusion was semi-quantified by the distance between layers of the parietal and visceral pleura on the CT or MRI axial image. Tumor growth speed and site were determined by a hydrothorax generation curve.

Immunohistochemistry
--------------------

Using the streptavidin peroxidase method, brown staining of endothelial cells indicated CD34-positive cells. Five independent areas were selected under a 200×field and CD34-positive vessels were counted in each of these areas. The intensity of expression was evaluated as follows: 5% positive cells was considered (−); 5--25% positive cells was (+); 26--50% positive cells was (++); and 51--100% positive cells was (+++). Microvessel density was measured by anti-CD34 staining.

Statistical methods
-------------------

All data were analyzed using SPSS13.0 software. The independent-samples *t* test was used to analyze the perfusion parameters of CTPI and PWI, ADC values, section surfaces of lesion tissues, and time period of hydrothorax appearing after tumor inoculation. *P*\< 0.05 and *P*\<0.01 were considered statistically significant differences.

Results
=======

The establishment of a rabbit pleural VX2-implanted model
---------------------------------------------------------

In the early stage of tumorigenesis, local thickening of the pleura was observed with CT. Then, nodules were found in visceral pleura (single or multiple and circular or quasi-circular, with a complete capsule). The nodules were also found in the parietal pleura, which had an irregular shape and an incomplete capsule or no capsule. Within the parietal pleura, nodule fusion in chains occurred with widespread irregular pleural thickening or generation of an irregular soft-tissue mass. The relative place of the tumor and visceral or parietal pleura could be determined clearly in T2 lipid suppression images. Hydrothoraces showed uneven high signals ([Figure 1A1, 1B1](#f1-medscimonit-24-6756){ref-type="fig"}).

CTPI parameters of ROIs in the rabbit pleural VX2-implanted model
-----------------------------------------------------------------

As shown in [Table 1](#t1-medscimonit-24-6756){ref-type="table"}, based on an analysis with paired *t* tests and compared with muscle tissue, the t values of PV, PEI, and BV of parietal pleural tumor implantation rabbits were 6.28, 5.79, and 6.88, respectively (*P*\<0.01). Based on an analysis with independent-samples *t* tests and compared with muscle tissue, the t values of PV, PEI, and BV of visceral pleural tumor implantation rabbits were 3.67, 2.94, and 3.55, respectively (*P*\<0.01). The t value of TTP for the parietal and visceral pleura compared with muscle were 2.21 and 1.65, respectively (*P*\>0.05). Based on an analysis with the *t* test for 2 samples, the t values of PV, PEI, and BV between parietal and visceral pleura were 2.08, 2.29, and 2.88, respectively (*P*\<0.05), and the t value of TTP was 1.57 (*P*\>0.05). CTPI in the rabbit pleura VX2 tumor implantation model showed that in the early stage of tumorigenesis, local thickening of the pleura was observed. CT perfusion showed a very low perfusion volume. All of the values for PV, PEI, TTP, and BV were very low. The shape of the curve was straight. When the tumor diameter was \>0.35 cm, nodules were noted in the pleura on CT images with medium-low perfusion volumes. All of the values for PV, PEI, TTP, and BV were medium-low. There were progressive fluctuations in the curve. When the tumor diameter was \>0.85 cm, CT perfusion showed a high perfusion volume. All of the values of PV, PEI, TTP, and BV reached peak values. The curve became sharp and steep. When the tumor diameter was \>1.45 cm, there were liquefactive necrosis areas in the central tumor with low or very low perfusion volumes. At the rim of the tumor all of the values rose slowly ([Figure 1A2--1A5](#f1-medscimonit-24-6756){ref-type="fig"}).

PWI parameters of ROI in rabbit pleural VX2 implanted model
-----------------------------------------------------------

As shown in [Table 2](#t2-medscimonit-24-6756){ref-type="table"}, based on an analysis with an independent-samples *t* test and compared with muscle tissue, the t values of WIR, WOR, and MAXR for parietal pleural tumor implantation rabbits were 7.42, 6.27, and 7.95, respectively (*P*\<0.01). Based on an analysis with an independent-samples *t* test and compared with muscle tissue, the t values of WIR, WOR, and MAXR for visceral pleural tumor implantation rabbits were 3.04, 3.94, and 2.95, respectively (*P*\<0.01). The t value for TTP of the parietal and visceral pleura compared with muscle were 2.11 and 1.59, respectively (*P*\>0.05). Based on an analysis with the *t* test for 2 samples, the t values of WIR, WOR, and MAXR between parietal and visceral pleura were 2.13, 2.34, and 2.21, respectively (*P*\<0.05), and the t value for TTP was 1.70 (*P*\>0.05). The PWI results in the rabbit pleura VX2 tumor implantation model showed that in the early stage of tumorigenesis, MR perfusion was not clear. When the tumor diameter was \>0.35 cm, the MR perfusion volume increased gradually from a medium-low level. All of the values of WIR, WOR, MER, and TTP were low. There were progressive fluctuations and slow up-lifting in the curve. When the tumor diameter was \>0.85 cm, the MR perfusion volume was high. All of the values of WIR, WOR, MER, and TTP were high, but with a gradual up-lifting trend and fluctuation. The curve reached the peak platform with a wavy up-lifting shape. When the tumor diameter was \>1.45 cm, the tumor center had no or a very low perfusion volume, but at the rim of the tumor all of the values rose slowly ([Figure 1B2](#f1-medscimonit-24-6756){ref-type="fig"}--[2B5](#f2-medscimonit-24-6756){ref-type="fig"}).

DWI representation in rabbit pleural VX2 implanted model
--------------------------------------------------------

At the early stage of tumorigenesis, DWI showed linear high-intensity signals. When nodules were generated in the tumor tissues, the DWI signals gradually increased. The ADC signals were very low in the center of the tumor tissues, but high at the rim of the tumor tissues. Most of the lesions in visceral pleura were localized, while the lesions in parietal pleura were irregularly diffuse. When the tumor diameter were \>0.85 cm, the DWI signals gradually increased to a maximum value and clearly showed a broader tumor. The ADC signals were low at the center of the lesion tissues and high at the rim of the tumor and surrounding tissues. When a hydrothorax was generated, the hydrothorax had no DWI signal, but had an uneven high signal in the ADC image. When the tumor diameter was \>1.45 cm, there were areas of liquefactive necrosis in the tumor center with low DWI and ADC signals. With respect to the rim of the lesions, DWI signals were very high, but increased slowly, while the ADC signals were very low ([Figure 2A, 2B](#f2-medscimonit-24-6756){ref-type="fig"}).

The relationship between the size of the pleura implantation tumor, ADC value, and time of hydrothorax appearance
-----------------------------------------------------------------------------------------------------------------

The relationship between the size of the pleura implantation tumor, ADC value, and time of hydrothorax appearance are shown in [Table 3](#t3-medscimonit-24-6756){ref-type="table"}. The maximum cross-section area, time of hydrothorax appearance, and ADC mean value were analyzed with the *t* test for 2 samples. Seventy-two tumors were implanted in the parietal pleura and 276 were in the visceral pleura. Based on the independent-samples *t* test, the t value for the maximum cross-section area, time of hydrothorax appearance, and ADC mean value were 1.85, 1.83, and 1.76, respectively (*P*\<0.05). At the early stage of tumorigenesis, the maximum cross-section area in the parietal and visceral pleura was 0.12--2 cm^2^. The ADC decreased rapidly from 2.6×10^−3^ mm^2^/s to 1.2×10^−3^ mm^2^/s (visceral pleura) and from 2.4×10^−3^ mm^2^/s to 1.5×10^−3^ mm^2^/s (parietal pleura). When the tumor grew gradually, the ADC value varied from 1.2×10^−3^ to 1.5×10^−3^ mm^2^/s ([Figure 3A](#f3-medscimonit-24-6756){ref-type="fig"}).

Within 7 days from the time at which the implanted tumor was detectable, the ADC decreased rapidly from 2.6x10^−3^ to 1.2x10^−3^ mm^2^/s (visceral pleura) and from 2.4×10^−3^ to 1.5×10^−3^ mm^2^/s (parietal pleura). With time, the ADC value tended to be stable, varying from 1.2×10^−3^ to 1.5×10^−3^ mm^2^/s ([Figure 3B](#f3-medscimonit-24-6756){ref-type="fig"}). Hydrothoraces appearing 5 days after the implanted tumor were detected. The volume of the hydrothorax in rabbits implanted with tumor in the parietal pleura was higher than in rabbits implanted with tumor in the visceral pleura. On day 9, the hydrothorax in the parietal pleura was 2.7 cm and 1.6 cm in the visceral pleura ([Figure 3C](#f3-medscimonit-24-6756){ref-type="fig"}).

The expression change of VEGF in the rabbit pleural VX2 implanted model
-----------------------------------------------------------------------

Immunohistochemistry was used to detect the expression of VEGF. When the tumor diameter reached 0.35 cm (0.10 cm^2^), tumor tissues in the parietal and visceral pleural were VEFG (+). When the tumor diameter reached 0.85 cm (0.74 cm^2^), tumor tissues in the parietal pleura were VEFG (++), while tumor tissues in the visceral pleura were VEFG (+). When the tumor diameter reached 1.45 cm (2.10 cm^2^), tumor tissues in the parietal pleura were VEFG (+++), tumor tissues in the visceral pleura were VEFG (++), and the center of the tumor tissues in the parietal pleura were VEFG (−). Along with the increase in tumor size, the ADV value decreased, but VEGF expression and MVD increased ([Figure 4](#f4-medscimonit-24-6756){ref-type="fig"}).

Discussion
==========

In the present study, the rabbit VX2 pleura implantation model was successfully established in 90.63% of the cases (20.69% in the parietal pleura and 79.31% in the visceral pleura). A high proportion of implanted tumors were in the parietal pleura, which might be related to the difference in osmotic pressure among the capillaries in the parietal and visceral pleura, because the former had a higher pressure. The visceral pleura receives blood supply from the bronchial circulation. The parietal pleura receives blood supply from the posterior intercostal arteries. Between 3 and 11 posterior intercostal arteries connect the internal thoracic artery and musculophrenic artery at the costophrenic angle. A gradient for fluid formation is normally present in the parietal pleura.

We also found that there was no neovascularization at the early stage with less tissue expression of VEGF (+). The growth of implanted tumor tissue in the visceral pleura was mainly dependent on the fluid in the pleural cavity, but not a direct blood supply. The number of microvessels or MVD in the parietal pleura tumors was higher than in the visceral pleura. The microvessels absorb nutrients from the branch of the intercostal artery and fluid in the pleural cavity. The viability of tumor cells was very low, with an ADC value of 2.4 to 2.6×10^−3^ mm^2^/s. Kinoshita et al. reported a significant correlation between the ADC of the tumor tissue and cell density \[[@b14-medscimonit-24-6756]\].

In the early stage of malignant pleura tumor progression, local thickening of the pleura occurred. As the tumor cells grow, nodules or tissue masses are generated \[[@b15-medscimonit-24-6756]\]. Metastatic nodules in visceral pleura can be clearly observed by CT. In the lung window, nodules 2--3 mm in size can be identified by small nodular shadows or a rough surface on the lung. The sensitivity can be 75--100% \[[@b16-medscimonit-24-6756],[@b17-medscimonit-24-6756]\]. In the present study, the tumor implanted in the visceral pleura grew more slowly than the tumor implanted in the parietal pleura, with a less than maximum cross-section area.

MRI can be used to accurately assess tumor infiltration in the pleura and chest \[[@b18-medscimonit-24-6756]\]. In the present study, DWI showed a high linear signal in the early stage of tumor progression. The DWI signal of the nodule gradually increased to the peak value. Compared with CTPI or PWI, DWI can more easily show the change in the lesion area and surrounding tissues. The area of the lesion was larger than the area in the perfusion image, which reflected infiltration of the tumor in the surrounding tissues and the change in the tumor microenvironment, even in the early stage of tumor progression.

With growth of the tumor, neovascularization becomes apparent and cells showed higher VEGF (++) expression. Cells become more aggressive. The tumor showed infiltrative growth with an incomplete capsule, a larger gap between vascular endothelial cells, higher osmotic pressure, malignant tumor cells, and increased blood perfusion \[[@b19-medscimonit-24-6756]\]. Lesions in the visceral pleura were single or multiple, and circular or quasi-circular with incomplete capsule. Lesions in the parietal pleura were often multiple, irregular in shape, with an incomplete capsule or no capsule, and sometimes fused in a chain. Because there were a sufficient number of vessels in the parietal pleura, tumors in the parietal pleura grew quickly along the chest muscles, with an irregular shape, sometimes in chains with widespread irregular pleural thickening or generation of irregular soft-tissue masses.

At different stages of tumor progression, CTPI and PWI had different parameters \[[@b20-medscimonit-24-6756]\]. In the present study, 7 days from the time at which the implanted tumor was detectable, the ADC value decreased quickly and the number of new vessels increased. All values of PV, PEI, BV, WIR, WOR, and MER were elevated (P\<0.01). On day 7, all the values changed. The highest percentage of cell viability and the lowest ADC and VEGF (+++) were detected. At the early stage of tumor progression, PWI was not clear, while CTPI had very low perfusion. When the tumor diameter was \>0.5 cm, PWI perfusion increased gradually from medium to low. When the tumor diameter was \>1 cm, CTPI and PWI had high perfusion and sufficient information about the lesion. When the tumor diameter was \>1.5 cm, there was no or very low perfusion in the center of the tumor tissue. The parameter at the rim of the tumor tissue increased slowly.

In the normal parietal pleura, there are 100 lymphatic stomata per cm^2^. In the normal visceral pleura, there are 8000 lymphatic stomata per cm^2^. The aperture of lymphatic ducts was 2--12 μm. Hydrothoraces could be reabsorbed by lymphatic vessels through lymphatic stomata. When the tumor infiltrates or transfers to the pleural cavity, inflammation occurs. This is always accompanied with pleuritis, angiogenesis, high vascular permeability, and generation of a pleural effusion \[[@b21-medscimonit-24-6756],[@b22-medscimonit-24-6756]\]. This is the most common reason why a malignant tumor is accompanied by hydrothorax. Zhang et al. reported that metastasis to the lymph nodes and vessels occurred with tumor growth, which was accompanied by increasing WIR, increasing intra-tumoral interstitial pressure, increasing WOR, and the generation of hydrothorax caused by tumor cell infiltration to adjacent vessels or lymph nodes \[[@b20-medscimonit-24-6756]\]. In the present study, the generation of a hydrothorax in the pleural tumor-implanted rabbits was directly related with tumor size, infiltration of lymph-vessels, and the place and range of infiltration. Generally, a hydrothorax appeared 5 days after the tumor mass was detectable, and gradually increased. The animals with tumor implanted in the parietal pleura had higher cell viability, larger size, and a hydrothorax that increased from day 7. This is related to the obstruction or compression of lymph-vessels which blocked lymphatic drainage. The tumors implanted in the visceral pleura grew slowly because the pleura is closed to lung tissue with fewer vessels. As a result, less hydrothorax volume was generated. The generation of a hydrothorax was increased only when the tumor mass was developed to compress the lymph-vessels. On day 9, the hydrothorax was 2.7 cm in the rabbits with tumors implanted in the parietal pleura, which is much larger than in rabbits with tumors implanted into the visceral pleura (1.6 cm).

Diffuse malignant pleura tumor had a very bad prognosis with a very high mortality. Most patients die several months after clinical symptoms appear. Currently, there is no effect of chemotherapy or radiotherapy. Patients with diffuse tumor are not candidates for surgery. The biological features of the tumor are crucial for the treatment effect. Precise measurement of tumor cell viability, hemodynamic parameters, growth rate, and the basis for hydrothorax generation are key factors. The combined application of CTPI, PWI, and DWI can non-invasively reflect the real biological features of tumor tissues. This application will provide information for clinical treatment of malignant tumors in the pleura.

Conclusions
===========

The combined application of CTPI, PWI, and DWI accurately and visually reflects the blood perfusion of tumor tissues and quantitatively analyzes blood flow information, which will be valuable to monitor the different tumor progressive stages.

**Source of support:**Departmental sources

![CT-enhanced scanning showed nodular shadow (**A1**). In T2 lipid suppression image, nodules infiltrated in surrounding pleura with uneven hydrothorax signal presented in **A2--A5** CTPI parameter image: PV (**A2**), PEI (**A3**), TTP (**A4**), BV (**A5**). (**B2--B5**) PWI parameter image, WIR (**B2**), WOR (**B3**), TTP (**B4**), MER (**B5**). All parameters in tumor tissues were higher than in normal muscle tissues.](medscimonit-24-6756-g001){#f1-medscimonit-24-6756}

![(**A**) DWI picture. The signal was high and the surrounding pleura was infiltrated. (**B**) ADC picture, the signal was very low at the center of the nodule in the pleural cavity. The signal was relatively higher at the rim of the nodule.](medscimonit-24-6756-g002){#f2-medscimonit-24-6756}

![(**A**) Shows the relationship between the ADC value and maximum cross-section area; (**B**) Shows the relationship between the ADC value and time; (**C**) Shows the depth of hydrothorax after the tumor is detectable.](medscimonit-24-6756-g003){#f3-medscimonit-24-6756}

![The immunoreactivity of VEGF in tumor tissues of the parietal and visceral pleura.](medscimonit-24-6756-g004){#f4-medscimonit-24-6756}

###### 

Parameters of CT perfusion image in VX2 pleura implantation rabbit model.

  Group                      PV           PEI          TTP          BV
  -------------------------- ------------ ------------ ------------ ------------
  Tumor in parietal pleura   34.35±5.46   38.60±4.05   45.33±8.50   31.86±6.82
  Tumor in visceral pleura   29.04±2.19   32.29±6.31   45.36±7.85   18.21±3.75
  Muscle                     16.94±5.39   21.89±7.29   45.48±9.65   7.14±4.45

Perfusion volume (PV), peak enhanced increment (PEI), transit time peak (TTP), and blood volume (BV).

###### 

Parameters of MRI perfusion image in VX2 pleura implantation rabbit model.

  Group                      WIR           WOR          TTP           MER
  -------------------------- ------------- ------------ ------------- --------------
  Tumor in parietal pleura   49.41±14.19   30.42±9.76   66.39±18.54   980.34±60.89
  Tumor in visceral pleura   41.09±12.28   23.47±5.10   66.48±2.20    921.76±58.72
  Muscle                     24.09±5.29    7.47±5.11    65.48±12.21   504.76±53.73

Wash in rate (WIR), wash out rate (WOR), maximum enhancement rate (MAXR), and transit time peak (TTP).

###### 

The size of the pleura implantation tumor, ADC value, and time of hydrothorax appearance.

                                       Case number   Maximum cross-section area (cm^2^)   Time of hydrothorax appearance (day)   ADC mean value
  ------------------------------------ ------------- ------------------------------------ -------------------------------------- ----------------
  Tumor implanted in parietal pleura   12            5.2±2.7                              6.0±2.0                                1.5±0.6
  Tumor implanted in visceral pleura   46            1.6±0.8                              7.0±3.0                                1.4±0.5
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